I. Introduction
Rent control is one of the few policy issues on which there is general agreement among economists.
Economic theory predicts, and few economists have tried to dispute, that imposing rent controls on a housing market is likely to lead to rental housing shortages and general deterioration of quality.
Even on income distribution grounds, rent control receives poor reviews, since it is generally agreed to be a clumsy and inexact means of helping the poor.
Despite this seeming consensus, however, economists have apparently had little success in influencing policy discussions. During the accelerating inflation of the 1970's, rent controls were enacted in Massachusetts, New Jersey, and California, along with Washington, D.C. The slackening of interest in controls since that time is probably due more to the decline of inflation and rental housing demand than to any evidence advanced by researchers on the laws' ill effects.
An interesting aspect of the debate during the 1970's was that rent control proponents claimed that the laws they favored, known as "second generation" rent controls, were designed to avoid the deterioration and abandonment often attributed to the older controls in New York City. The newer laws contained mechanisms for controlled increases and passing some operational cost increases through to tenants, along with penalties for allowing housing quality to fall.
Such provisions, it was argued, would protect tenants from rent gouging while encouraging landlords to maintain their properties through allowing a "fair" return and denying rent increases to deteriorated dwellings. In fact, one rent control advocate cited evidence he claimed demonstrated that rent control actually led to improved housing quality.3 J. R. Kearl et al. (1979) .
Most economic analyses of the effects of rent control on housing quality have been theoretical in nature. Essentially, these studies predict that, since maintenance expenditures are one of the few factors of production of housing services that are variable in the short run, landlords will respond to lower rents (in real terms) by reducing maintenance and, therefore, quality.
In addition, since the effects of lower maintenance expenditures are cumulative in nature, it is reasonable to expect that such deterioration will increase over time as controls become more binding. Despite these plausible theoretical predictions, however, there is very little empirical evidence to support such contentions. Reasons for this gap include little experience, outside New York, with rent controls, along with a lack of detailed quality data that has only begun to be remedied in the last decade.
The purpose of this paper is to look for evidence that rent controls lead to lower housing quality than would have been the case had controls not been enacted and that such effects increase over time. In the following section, the hypotheses to be tested and the data to be used will be described, followed by a derivation of the empirical models to be used and a presentation of the results of the estimated models. Instead of attempting to develop and use a measure of quality, the analysis will simply look for a systematic relationship between the existence of rent control and other factors and whether or not a dwelling is judged to be of satisfactory quality according to a set of governmental criteria. The final section will comment on the policy implications of the results.
II. Empirical Analysis

A. Statement of hypotheses
In this paper, two hypotheses about rent control and housing quality will be tested. The first is common sense and is implied by theoretical models of rent control found in the literature. This hypothesis is that landlords in controlled markets will cut back maintenance expenditures in order to maximize profits (or minimize losses), thereby causing quality to deteriorate to a lower level than would have been the case in a free market.
The second hypothesis to be tested is that the effects of rent controls will become more pronounced over time. The rationale for this is that disinvestment in response to controls will not have immediate pronounced effects, but rather will manifest itself slowly through depreciation. 5
In order to test these two hypotheses, it is crucial that a usable method of evaluating quality be developed. In the following section, the data will be described, along with the quality measure to be used.
B. Data
The hypotheses described above will be tested using the Annual Housing Survey conducted by the United States Bureau of the Census in cooperation with the Department of Housing and Urban Development. This data set helps to fill in part the severe gap that previously existed between the requirements of economic theories of housing markets and the actual information to be had.
The Annual Housing Survey has been conducted since 1973, although usable data for time series actually begin in 1974. Over a three-year period, sixty
Standard Metropolitan Statistical Areas (SMSA) are sampled, with the same 5 See C. P. Rydell et al. (1981) , pp. 55-9.
one-third being visited every three years. Further, the same households are visited in each "wave," thereby giving a longitudinal character to the survey.
This analysis will use a combined data set of 8,281 dwellings from the central city portions of eight SMSAs, of which four are controlled and four are not. Size and control status are summarized in Table 1 . This set of 8,281 dwelling units is. selected according to several criteria. All rental units that were added to or withdrawn from the market during the period of observation are excluded from the sample. All dwelling units selected must be private, unsubsidized rental units. In addition, single family dwellings along with two-family detached units are excluded since they would be exempt from controls in most of the cities in the sample.
Observations on each of the dwellings in all eight SMSAs will be pooled into one sample under the assumption that a "national" (or, at least, a northeast-north central regional) housing market exists. This may be justified in two ways. First, variables will be included to pick up differences between cities. Second, Peter Linneman's (1980) tests of the national housing market hypothesis show that the functional form for hedonic rent equations is generally the same for his analyses of individual cities (Chicago and Los Angeles) as for his pooled sample of 34 major American cities. Further, the differences between coefficient estimates for the individual cities and the pooled sample are insufficient to reject the national housing market hypothesis.
The AHS contains detailed information on the characteristics of dwellings, including data on neighborhood quality, dwelling quality, structure, costs, geography, previous residence, and characteristics of the occupants. Variables to be used in this analysis are listed in Table 2 . Unfortunately, this set contains no data on landlord maintenance expenditures. Therefore, it is necessary to look for signs that point to reduced maintenance. This would show the way to aggregation. Unfortunately, these tools give little help in the way of economic interpretation. Thus, it becomes necessary to look for a third alternative.
In this study, quality of dwellings will be rated either "satisfactory"
or unsatisfactory" based on a Congressional Budget Office report on federal housing policy. This report makes use of AHS data, and develops a set of criteria for classifying a dwelling as "in need of rehabilitation." The criteria-are the following:
A unit was classified as needing rehabilitation if it had at least one of the following conditions: (1) the absence of complete plumbing facilities; (2) the absence of complete kitchen facilities; (3) the absence of either a public sewer connection, a septic tank, or cesspool; (4) three or more breakdowns of six or more hours each time in the sewer, septic tank, or cesspool during the prior 90 days; (5) three or more breakdowns of six or more hours each time in the heating system during the last winter; (6) three or more times completely without water for six or more hours each time during the prior 90 days; (7) three or more times completely without a flush toilet for six or more hours each time during the prior 90 days; and/or if the unit had two or more of the following conditions:
(1) leaking roof; (2) holes in ceiling; (3) open cracks or holes in interior walls or ceilings; (4) broken plaster over greater than one square foot of interior walls or ceilings; (5) unconcealed wiring; (6) the absence of any working light in public hallways for multi-unit structures; (7) loose or no handrails in public hallways in multi-unit structures; (8) loose, broken, or missing steps in public hallways in multi-unit structures.7
In terms of the analysis to be conducted here, several of the above conditions will not be of particular interest because they are not easily altered by the landlord. This refers to such characteristics as plumbing facilities and sewer connections. In addition, unconcealed wiring may be easily removed but it is difficult to understand why wiring would be exposed in response to lower rents. Finally, blown fuses, peeling paint, and evidence of rats and mice will be added to the above criteria because they are easily affected by a landlord's actions. The revised set of criteria is shown in Table 3 , and the resulting quality variable (di) will take a value of one if a dwelling is rated satisfactory and zero if unsatisfactory.
U.S. Congress, Congressional Budget Office (1978) , p. 6. In this section, two different empirical models will be presented, a linear probability model and a logit model. In both, it will be assumed that there is an unobservable vector (zi) of alterable quality characteristics that is positively related to a landlord's maintenance expenditures for a dwelling i.
To the analyst, a certain level of z. will manifest itself in more or less frequent maintenance problems of various sorts. In other words, if certain defects are observed during a given period, it will be taken as an indication of a relatively high probability of a low level of the unobservable zi. For example, cracks in walls or ceilings, more than a certain number of system breakdowns, leaks in the roof, or loose railings point to the possibility of lowered maintenance. Although these defects can certainly occur in normally well maintained units, they are more likely to occur if the unit is poorly maintained.
Thus, dwellings will be simply classified as satisfactory or unsatisfactory as a reflection of the maintenance they receive from their owners or managers.
In order to make this operational, a qualitative response model will be developed. Assume that zi can be classified into two categories, satisfactory and unsatisfactory. Assume further that z is the threshhold level of z.
below which a dwelling is classified unsatisfactory. Thus, let
The distribution of quality over satisfactory and unsatisfactory is shown in Figure 1 . What is of interest here is the probability that a dwelling will be classified satisfactory, which will be called P(d=l). The dichotomous variable (di) will take the value one if a dwelling is rated satisfactory, and zero otherwise. An unsatisfactory rating is assigned if at least one deficiency under the first heading of Table 3 occurs, or at least two under the second heading occur, or both. 9
The dichotomous variable will be used in two ways. First, this study will use a linear probability model, in which the left hand side variable is the probability that a dwelling is rated satisfactory. Thus, the model to be estimated is the following:
where the "p" superscripts designate the linear probability model parameters, and the z. variables refer to dwelling i characteristics, the xi refer to the city in which dwelling i is located, and the wi are interaction terms between the existence of rent control and dwelling traits. Specifically: Unfortunately, there are severe problems connected with the use of the linear probability specification. To begin with, consider the model:
the fact that di can only take on values of zero or one and that a + az.
can take on any value means that i can take on only one of two values,
-(a + ax) if d. = 0 and 1 -(a + ax) if di = 1. Since the distribution of c. must be the same as that of d. when zi is assumed to be nonstochastic, it follows that eifollows a binomial distribution. Assuming E(Ci) = 0, the probabilities required to satisfy this assumption are 1 -(a + azi) for di = 0 for di = 0 and (a + azi) for di = 1. Thus, the variance of ci is
which can be seen to be a function of zi This implies heteroskedasticity of Hiand therefore unbiased and consistent but inefficient parameter estimates.
In addition, estimates of standard errors of the parameter will be biased.
This can be remedied by using a weighted least squares procedure, which will lead to efficient estimators. Here, ordinary least squares is used in the first stage to obtain an estimated variance-covariance matrix, which is used in the weighted least squares regression. However, Thomas A. Domencich and Daniel McFadden (1975) do not recommend weighted least squares for two reasons.
First, although large sample estimates are efficient, too much weight is placed on extreme observations in small samples. Second, and of potentially greater concern in this analysis, this two stage procedure shows great sensitivity to specification error. °A further problem with linear probability models is that predicted probabilities may end up outside the [0,1] interval. A possible means of attacking this problem is inequality-constrained least squares. Here, a is estimated subject to the constraint that 0 < azi < 1, which leads to a nonlinear programming problem. Domencich and McFadden point out that, although this leads to consistent estimators with lower variances, these estimates are biased. In addition, this procedure is very sensitive to specification error, which is of great concern when using a dataset like the AHS and others not likely to contain all relevant variables for the hedonic method. Given the cost of using the inequality-constrained least squares procedure, there is little to recommend it.
Thus, although there are problems in using a linear probability model, there are no good substitutes with the same simplicity of computation. It appears that the best course is to follow Takeshi Amemiya (1981) who concludes that, in the preliminary exploratory phases of a study, linear probability models are acceptable when the relative costs and benefits are considered.
However, he does not recommend them for the final stage. In this study, results from all models will be reported.
The second possibility for using the dichotomous quality variable involves a logit specification, and is derived from the landlord's profit function. Although the derivation of this specification is different from that for the linear probability model, the results of the two should be consistent with each other.
The salient characteristic of this model is the emphasis it places on the results of the landlord's choices with regard to maintenance. The decision to allow a dwelling to deteriorate at a faster rate than before will be the result of its being the most profitable course of action. Alternatively, it will be the choice which places the landlord on the highest profit function, which is in turn assumed to result from the landlord's profit maximizing input decision. Denoting the profit function as rid' and assuming each landlord owns one unit, the landlord's quality decision may be stated formally as follows. First, assume the landlord's profit function is:
where the "L" superscript will denote the relation to the logit form, and where subscript d refers to the state of maintenance of dwelling i, and the zi, xi, and wi have the same interpretation as in the linear probability model. as the stochastic profit function, where 5 id is a random error term that captures influences outside the profit function specified, the probability of undermaintenance of dwelling i, that is, that di = 1, is:
where F( ) is the cumulative distribution function for (sil -io). Assuming
io) terms are distributed according to a logistic distribution, and omitting the superscripts to avoid clutter, the model to be estimated becomes:
In practice, the estimated logit model resembles the linear probability model on the right hand side. The difference is that the dependent variable is the log odds ratio pi/(l -Pi), where pi is the probability that dwelling i will be rated satisfactory. In the estimation of this model, maximum likelihood estimates of the parameters are obtained by using the Newton-Raphson method.
D. Results
In both models, one would expect similar signs of the coefficients. Age of building (BUILT) may be expected to have a negative sign since an older building should show more problems than a relatively new building. Second, presence of owner (OWNHERE) should show a positive sign, since in such a case the owner would be more directly affected by changes in quality. Third, the neighborhood variable, which reflects the presence of dilapidated housing near the observed dwelling, should show a positive influence on quality.
Finally, race of head of household (RACE) will serve as a neighborhood variable under the assumption of residential segregation. Since a higher value means a nonwhite head of household, the presence of discrimination means one would expect a negative sign.
Of city characteristics, the most important is the presence of rent control (RC) during the period of observation. If the hypotheses proposed above are correct, RC should show a negative sign and the magnitude of this coefficient in absolute terms should increase over time. Note that it will be assumed that laws in the cities covered by this analysis create similar incentives and will therefore be assumed to be similar across cities. The other two city variables, vacancy rate (VAC) and per capita income (YPC), are included to pick up other differences across cities.
Interaction terms are included because it is plausible that rent control laws may influence the effect of the other variables such as age and neighborhood. Since one would expect controls to aggravate the effects of other variables on quality, all the interaction terms should carry negative signs.
The results of the estimated models for the full sample are shown in Table 4 . In general, the results are consistent with expectations. However, the linear probability model yields a negative but statistically insignificant coefficient for the rent control variable in 1974. However, this coefficient is significant at the 5% level using the logit specification. By 1977, as before, the rent control coefficient is significant and of greater magnitude than in 1974. Thus, according to the linear probability model, the presence of rent control reduces the probability of a satisfactory rating by nine percentage points in 1974, and by thirty-four percentage points in 1977. As shown in Table 5 , rent control and its interactions are jointly significant, as are the interactions taken by themselves. Additionally, the increase in (1977 -1974) tSignificant at 5% level. All others are significant at 1% level.
the magnitude of the rent control coefficients in both samples is shown to be statistically significant at the 5% level. Therefore, both hypotheses are supported by the results. The F statistics of the equations of both samples of the linear probability model are sufficiently large to lead to rejection of the hypothesis of joint insignificance of the independent variables (critical value of F is 2.24 at 1% significance level). The low R2 values are most likely due not only to the problems with microdata described above, but are also an inevitable result of the nature of a linear probability model. This is because, whatever the predicted probability that a given choice will be made, an action is either chosen (so actual probability is one) or it is not (so actual probability is zero). Thus, even if a model predicts a very high probability of a choice's being made, there will be an error due to the difference between predicted probability and the actual value of the choice variable. Donald G. Morrison (1972) has explored this problem in order to develop an upper limit for R2 in models using dichotomous dependent variables. Morrison assumes actual probabilities follow a beta distribution, which can be made to take on a unimodal, bimodal, or uniform shape, depending on one's selection of parameters.
In the case of the uniform distribution, assuming predicted probabilities equal actual probabilities (so that the model is "perfect" in that it minimizes mean square error), the upper limit for R2 is one third.
As the distribution of probabilities moves away from uniformity toward a unimodal form, the upper limit decreases from one third toward zero. Since in practice there is the added problem that models are not perfect so that predicted and true probabilities differ, additional downward pressure is exerted on the value of R2 .
A difficult problem arises in attempting to determine the goodness of fit of the logit model. The usual R2 criteria do not apply here, so it is necessary to look for an alternative measure. Although there are several 
where t(a) is the log likelihood function for the parameter estimates and t (0) is the maximum log likelihood subject to the constraint that all coefficients are equal to zero. The values for these statistics are shown in Table 4 .
In addition, the model chi-squares are also shown. These are computed as follows:
This gives an analogous statistic to the F statistic in the linear regression model, and the values for all the logit equations run are significantly different from zero. 1 2 See, however, Arthur S. Goldberger (1973) , who disagrees with Morrison's characterization of a perfect model. In Goldberger's view, such a model would predict every outcome perfectly, thus yielding an upper bound of unity. Rather than concentrate on goodness of fit statistics of dubious value, it may be well to look at the predictive ability of the estimated models. Of interest will be the rank correlation between predicted probability and observed value of the dichotomous variable. The statistic that will be used here is Somer's D , a nonparametric measure of association. 5 In explaining this measure, it is first necessary to introduce the concepts of concordance and discordance. Concordant pairs refer to two observations, one of which involves a correct prediction of unsatisfactory, the other of which involves a correct prediction of satisfactory. Similarly, discordant pairs involve matched incorrect predictions. The D x statistic is computed by dividing the difference between total concordant and total discordant observations and predictions by the sum of concordant and discordant pairs plus a penalty factor for pairs tied on predicted values.
Using this statistic yields, as shown in Table 4 
III. Concluding Comments
According to the evidence presented in this paper, rent controls have been associated with lower housing quality than would be the case in the absence of controls. Further, this effect has been shown to grow over time.
The more important implication is that, contrary to the claims of advocates, second generation rent controls have not been successful at avoiding quality deterioration.
The association of controls with lower quality does not, however, mean that there is an unambiguous welfare loss to tenants. A complete analysis would attempt to compare benefits to tenants due to wealth transfers from landlords with costs in the form of lower quality. In order to conduct such an analysis, a usable quality measure must be developed, and it is here that future efforts should focus.
